This study explores factors affecting adoption of two stormwater management practices, rain gardens and rain barrels. Mail survey data from Columbia, Missouri indicate adoption rates of 3.12 percent (rain gardens) and 7.47 percent (rain barrels). This unique dataset enables us to distinguish among nonadopters using knowledge levels, and to investigate the effect of practice-specific barriers. Clustered multinomial logistic regressions reveal serious gardeners are more likely to adopt both practices. Specific barriers differ by practice and type of nonadopter. Adding practice-specific barriers increased pseudo R 2 values from 0.12 to 0.22 for rain gardens and from 0.13 to 0.26 for rain barrels.
to urban uses (Jantz, Goetz, and Jantz 2005) . In turn, increasing impervious surface area affects both the quantity and quality of stormwater runoff.
Increased stormwater runoff results in high peak flows, channel erosion, and flooding; these changes in stream hydrology result in the deterioration of aquatic habitats in urban streams (Booth and Jackson 1997 , Wang et al. 2001 , Brabec, Shulte, and Richards 2002 . In addition, impervious surfaces convey nutrients and pesticides into local streams; this is associated with algal blooms, eutrophication, loss of biological diversity, and contaminated groundwater (Law, Band, and Brove 2004, Gilinsky et al. 2009 ). Thus, improving urban stormwater management in residential areas can be critical to aquatic habitat and water quality.
Potential solutions to these problems can be found in the literature on green infrastructure or low-impact development (LID). Practices such as rain gardens, rain barrels, drought-tolerant native plantings, buffer strips around waterways, and permeable pavements have been proposed to improve water quality, restore aquatic habitats, and control flooding at a fairly low cost (U.S. EPA 2003 EPA , 2007 . Our study examines adoption of two of these practices -rain gardens and rain barrels -explained in depth in the Application section. Briefly, a rain garden is a man-made depression using plants to filter and infiltrate stormwater collected from impervious surfaces such as roofs and parking lots, thus improving water quality in nearby waterways and recharging groundwater (Li and Davis 2009) . Rain barrels are devices designed to collect stormwater runoff from roofs, which can then be used to water a garden or lawn. They can also reduce flooding in yards and decrease the volume of stormwater runoff (Jennings et al. 2012) . Rain gardens are costlier to install and generally attractive, while rain barrels are relatively easy and inexpensive to install and enable use of rain water on-site but are less attractive.
Adoption rates for these practices are currently quite low. In the Chesapeake Bay, Newburn et al. (2014) found that 2.3 percent of households had adopted rain gardens, while 7.6 percent had adopted rain barrels. A better understanding of the factors affecting adoption of these practices is needed so policy makers and educators can use the information to increase adoption rates. It may also enable improved design of the practices themselves. The literature on residential adoption of stormwater best management practices (BMPs), discussed in the literature review, is currently quite small. Most of the work on factors affecting adoption of BMPs has been conducted with farmers rather than households.
In this study we explore the factors affecting adoption of these two stormwater management practices in an urbanizing watershed in central Missouri using a mail survey (effective response rate of 44 percent). This research adds to the sparse literature on residential adoption of stormwater management practices. In addition to examining individuals' demographic characteristics and attitudes, a contribution of this study is examination of practice-specific perceptions of barriers to adoption. These additional factors can both improve the explanatory power of the model, which is generally low for adoption studies, and provide specific information to guide practice design, policies, and educational efforts. Our unique dataset also enables us to distinguish between different types of nonadopters. Some people are not aware of the practices at all, some have minimal knowledge, and others consider themselves knowledgeable but have not adopted the practice. Combined with data on practice-specific barriers, this allows us to more directly examine the linkage between knowledge about a practice and adoption. Finally, the current study compares the factors influencing adoption of rain gardens and rain barrels, which have different attributes.
The empirical results confirm that those who are interested in gardening, concerned about the environment, and knowledgeable about the implementation of practices are more likely to adopt the practices. The results reveal that different perceived barriers exist for the two practices. For rain gardens, if respondents have a physical limitation, they are less likely to adopt even if they know the practice well. On the other hand, for rain barrels, time required and lack of equipment are the main barriers to adoption. In addition, nonadopters who are knowledgeable are quite different from other nonadopters. Finally, including variables relating to perceptions of an innovation's barriers can improve model performance.
While our study focuses on a specific watershed and specific practices, insights regarding practice-specific barriers and types of nonadopters can inform the design of future adoption studies. Specific and detailed information on barriers can improve 1) the design of practices by engineers and hydrologists to overcome barriers, 2) policy interventions, and 3) the targeting of educational programs. In addition, because our adoption rates of 3.1 percent for rain gardens and 7.5 percent for rain barrels are similar to those in the Chesapeake Bay area (Newburn et al. 2014) , these results may apply to other areas.
Literature Review
Previous literature examining determinants of BMP adoption has primarily focused on agricultural producers. Few studies have examined factors influencing the adoption of stormwater management practices by households, even though the U.S. Environmental Protection Agency has acknowledged that residents' non-point-source pollution is a leading source of water quality degradation (Gilinsky et al. 2009 ). The studies examined in this section were ones in which the dependent variable was actual adoption of stormwater management practices such as rain gardens (Shaw et al. 2011) , rain barrels (Bakacs et al. 2013) , and lawn care management practices (Blaine et al. 2012 , Brehm, Pasko, and Eisenhauer 2013 , Martini and Nelson 2014 . We also examine other studies that explore households' demand or preference for rain gardens and/or rain barrels (e.g. Thurston et al. 2010 , Ando and Freitas 2011 , Londoño Cadavid and Ando 2013 and for stormwater management practices (e.g. Kaplowitz and Lupi 2012) . Findings from the literature are used to develop the hypotheses discussed in the Conceptual Framework section.
In the literature, demographic characteristics are consistently shown to have a significant effect on adoption of residential environmental BMPs. This information can be used in targeting specific groups in outreach or marketing strategies. For example, Laroche, Bergeron, and Barbaro-Forleo (2001) identified consumers who are willing to pay more for environmentally friendly products by investigating the demographic, psychological and behavioral profiles of consumers. Income level of the household consistently shows a positive effect on adoption (e.g. Ando and Freitas (2011) for rain barrels, Blaine et al. (2012) for chemical use, Brehm, Pasko, and Eisenhauer (2013) for BMPs). However, the effects of level of education and age of homeowners on the probability of adopting practices are less clear. Increased level of education tends to increase the probability of adoption of specific practices such as appropriate disposal of grass clippings (Brehm, Pasko, and Eisenhauer 2013) , but there are also studies that find an insignificant relationship between level of education and adoption of stormwater management practices such as rain barrels (Ando and Freitas 2011) . Age is included in analyses to represent the homeowners' experience positively and innovativeness negatively (Rogers 2010) , but the few empirical studies on these practices find insignificant relationships (e.g. Brehm, Pasko, and Eisenhauer (2013) on lawn care BMPs, Ando and Freitas (2011) on rain barrels).
Characteristics of a home can also influence adoption. Geographical location may influence homeowners' preference for lawn care management (Brehm, Pasko, and Eisenhauer 2013) . Because urban residents experience higher levels of water and air pollution, they are typically more concerned about the environment than rural residents (Van Liere and Dunlap 1980) . On the other hand, rural respondents are less likely to use chemicals on their lawns since neighborhood factors can motivate people to intensively manage urban landscapes (Blaine et al. 2012) . Homeownership positively affects adoption of rain barrels because homeowners have greater incentives to make long-term investments (Ando and Freitas 2011) , and landlords may restrict changes to the home.
In addition to demographic variables, behavioral and attitudinal factors can affect an individual's preferences. For example, those who are more interested in gardening are more likely to adopt lawn care practices and rain barrels (Newburn et al. 2014 ) because they may be more knowledgeable about lawn management and may gain more utility from the practices. Gardeners are also more concerned with the appearance of their yard (Purchase 1997) . Similarly, households' water management or yard management practices, such as watering habits and using a lawn care service, can have effects on BMP adoption (Martini et al. 2015) .
Environmental knowledge and attitudes are key factors affecting behavioral intentions to adopt stormwater management practices Filchak 2004, Jorgensen and Syme 2000) . Knowledge-based factors such as knowledge about recommended BMPs and awareness of a watershed (Swann 2000 , Bakacs et al. 2013 . Households with more knowledge of lawn management are more likely to adopt lawn management BMPs (Brehm, Pasko, and Eisenhauer 2013, Martini and Nelson 2014) . Ando and Freitas (2011) also show that awareness of effects of a specific practice has a positive effect on adoption of rain barrels. Positive attitudes towards the environment in general and trust in information from environmental groups can also affect decision-making about innovation adoption. Households' trust in certain information providers may cause them to follow these providers' suggestions regarding water management, lawn maintenance, and landscape choice, (Varlamoff et al. 2001 ). In addition, neighbors' use of the practice can positively affect adoption of practices such as rain barrels (Ando and Freitas 2011) . Individuals might have heterogeneous preferences over a given level of an environmental quality attribute such as intense flooding or severe drought. However, Ando and Freitas (2011) find that adoption of rain barrels is not significantly associated with local flooding frequency. Perceptions about innovations are considered in adoption studies (Rogers 2010) . The obvious factors affecting adoption are perceived benefits and costs associated with the innovation. For example, a primary reason for having rain barrels is to save water (Bakacs et al. 2013) , and availability of a cost saving strategy such as cost sharing or discount programs can encourage households to adopt rain gardens (Shaw et al. 2011) .
The importance of complexity is highlighted in the literature because complexity can increase the time to install and use the practice (Rogers 2010) . If an innovation is complex, it will increase the effort and time required to learn about the equipment, installation, and performance of the innovation, and to install it appropriately. Thus, complexity may increase the risk of technical failure. However, the results of the study by Shaw et al. (2011) indicate insignificant relationships between adoption of rain gardens and the practice being time consuming or complex. In addition, individuals' physical ability to implement practices may be related to adoption (Rogers 2010) .
Perceptions about appearance and concern about property value can affect the adoption of residential BMPs. For example, households who believe that lawn care management may improve their property values are more likely to use lawn care BMPs (Blaine et al. 2012) . Households consider the appearance of a rain garden in their adoption decision (Shaw et al. 2011) . Also, compatibility with needs for stormwater management practices in a rural residential area is positively related to willingness to adopt (Armstrong and Stedman 2012) .
Beyond financial benefits and costs, lower risk and uncertainty associated with the practices may matter (Cary, Webb, and Barr 2001) . People who experience basement flooding have an intention to pay to reduce flood frequency (Londoño Cadavid and Ando 2013). Trialing a practice or seeing a demonstration before installing, can provide information that reduces uncertainty about the benefits of the practice or decreases information costs (Pannell et al. 2006 , Rogers 2010 . Related to risk and uncertainty, a lack of information about the details of practices such as 'how to install and use a rain barrel' is a barrier to adoption of specific innovations because individuals must know how to implement particular environmental practices before they can intentionally act (e.g., Varlamoff, Florkowski, and Latimer 2002 , Brehm, Pasko, and Eisenhauer 2013 , Martini and Nelson 2014 .
In addition, modeling the adoption decision as dichotomous (adoption vs. nonadoption) implicitly assumes that each individual is fully informed about the new technology (Feder, Just, and Zilberman 1985) . However, nonadopters might become adopters if necessary information is provided, while others do not become adopters due to their strong risk aversion, attitudes toward the new technology, or expectations of new technology. Therefore, several studies with farmers include limited information in their adoption decision models. For example, Saha, Love, and Schwart (1994) analyzed factors affecting Texas dairy producers' technology-adoption intensity conditioned on awareness of the new technology. Dimara and Skuras 2003 proposed a two-stage model (information acquisition and evaluation) concerning adoption of organic cultivation in Greece. These studies imply that dichotomous adoption models can overestimate the adoption rate (Saha, Love, and Schwart 1994) or can be misspecified (Dimara and Skuras 2003) because of the full-information assumption.
Rather than using a dichotomous model, distinguishing between types of adopters can provide additional insights. For example, Läpple and Rensburg (2011) found that there are significant differences in economic and noneconomic explanatory factors between groups of early, medium, and late adopters of organic farming. However, Barham et al. (2004) used Wisconsin panel data on dairy farmers to show that early and late adopters of an agricultural biotechnology (rBST), as well as disadopters, are quite different from nonadopters and thus suggest that those who had not adopted within seven years after the technology was introduced were unlikely to adopt. It is likely that most Wisconsin dairy farmers would have heard of the technology because it was controversial (Barham et al. 2004 ). That may not be the case for stormwater management practices that are unlikely to attract media attention or affect livelihoods. Awareness of the existence of an innovation can be a starting point to form the intention to adopt (Rogers 2010) . Awareness, coupled with indicators of attitudes and constraints, is important because it is part of the reasoning process that motivates behavior change ). Distinguishing between types of nonadopters based on their level of knowledge of the practice may thus provide useful insights regarding factors affecting adoption and the potential impact of educational programs, compared to a dichotomous dependent variable. This study uses a unique dataset to distinguish among types of nonadopters.
The literature shows that both characteristics of households and households' perceptions about practices affect adoption of stormwater management
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Enhancing Adoption Studies 37 practices. Although many adoption studies focus on the individuals' characteristics, individuals' perceptions about specific practices have been relatively neglected in the literature. This is unfortunate because research on practice-specific perceptions of barriers to adoption can be used to improve the design of practices and enable more effective policies and educational programs. The literature on adoption also indicates that the explanatory power of the models is generally low (Knowler and Bradshaw 2007) . This might be due to employing the binary logit or probit models that commonly have low pseudo-R 2 values compared to OLS regression models (Hosmer and Lemeshow 2004) , or because the adoption models are missing important explanatory variables. Few adoption studies examine the improved explanatory power due to incorporation of additional variables, although Marra, Hubbell, and Carlson (2001) show improvement in measures of goodness of fit due to adding on-farm profit information into the model of Bt cotton adoption. In this study, we examine the impact of including a suite of practice-specific perception variables in addition to the conventional variables used in adoption studies.
Conceptual Framework
To apply adoption theory in economic studies, random utility models are employed on individual choices (Walker and Ben-Akiva 2002, Greene 2003) . This model assumes that individuals, subject to their budget constraints, select the alternative resulting in higher utility, which is affected by many observed factors such as households' characteristics and unobserved factors such as individual preferences. Because the true utility function is unknown, unobserved latent factors are treated as random with a normal distribution assumption (Greene 2003) . We assume that each household faces a set of discrete and exclusive choices, and decision-maker i chooses
Households' adoption decisions are based on a range of factors. From the literature review, these factors can be divided into the following four categories: homeowner personal characteristics (PC), yard management behavior (YM), awareness and attitudes toward environment and neighbors (AE), and perceptions about the practices (PP). Thus, the random utility function U (.) is assumed to be a function of these factors. The empirical specification includes a random factor ɛ, which has a normal distribution. Thus, we have
Specific hypotheses to be tested are based on the literature.
Because households interested in gardening had a significantly higher-thanaverage likelihood of adoption of environmental practices (Purchase 1997 , Newburn et al. 2014 , we hypothesize that households spending more time gardening or in outdoor activities in their yard will be more likely to adopt stormwater management practices.
Positive environmental attitudes and awareness of environmental effects of practices will be related to adoption (Ando and Freitas 2011) , and if people have stronger attitudes they are more confident in their decisions (Stern 2000) . Also, trust in information providers can be important to decision making about innovation adoption (Varlamoff et al. 2001) . Thus, we hypothesize that households with more knowledge about the environment and trust in local environmental groups will be more likely to adopt both practices.
As discussed above, complexity and the degree to which an activity is timeconsuming may be related. We expect that those who perceive a practice as requiring more work are less likely to adopt it. Concerns about the appearance of property and about property value can limit the adoption of BMPs that affect the appearance of the yard or house (Shaw et al. 2011) . Therefore, individuals who perceive appearance of the practices as a barrier are expected to be less likely to adopt.
Different risk or uncertainty implications of practices will be an important consideration. In particular, homeowners who doubt the effectiveness of the practices will be less likely to adopt, and those who have water in their basements will be more likely to adopt.
People cannot engage in environmentally beneficial behaviors if they do not know the details of how to engage in those behaviors. In particular, limited knowledge about specific stormwater management practices is also a strong factor limiting adoption. We hypothesize that households with less knowledge about specific practices will be less likely to adopt them. However, it is also the case that adopters should develop knowledge about the practices as they implement them, so for the typical dependent variables used in adoption studies, i.e., adopters versus nonadopters, the causality related to knowledge is not clear.
Finally, we hypothesize that including perceptions about specific attributes and barriers will increase the explanatory power, compared to including only the typical demographic and attitude variables used in adoption studies. This has the added advantage of providing specific information to be used in the development of practice design, policy, and educational efforts.
Application

Research Site
The Hinkson Creek watershed, which comprises an area of approximately 90 square miles in Columbia, Missouri, is an example of a typical urbanizing watershed. Columbia is the fourth largest city in Missouri, with a population of 108,500 and a metro area population of 173,083, according to the 2010 census. This represents an increase of almost 19 percent since 2000, while the population of Missouri only increased by 7 percent during this period (U.S. Census Bureau, 2010) . Similar to other urbanizing watersheds, Hinkson Creek has experienced problems associated with increased stormwater flows and pollutant loads due to changes in land use and land cover. As a result, the watershed was added to the Clean Water Act (CWA) 303d list of impaired waters in 1998. The Hinkson Creek Watershed Management Plan (2010) indicates severe problems such as more frequent floods and lower base flow, increased soil erosion, pollution from urban storm water runoff, and degraded habitat for aquatic organisms. Because these problems can result from residential as well as commercial sources, adoption of stormwater management practices by homeowners in the Hinkson Creek watershed can contribute to improving this situation. A previous study (Baumer 2007) focused on environmental attitudes and awareness in the watershed, rather than actual implementation of stormwater management practices.
Stormwater Management Practices
A rain garden is a man-made depression that uses plants to filter pollutants and infiltrate stormwater collected off impervious surfaces such as roofs and parking lots, thus improving water quality in nearby waterways, delaying peak flow, recharging groundwater, and decreasing erosion (Dietz and Clausen 2005, Dietz 2007 ). The plants use some of this captured runoff and associated nutrients (Shaw et al. 2011) . The native plants often used in rain gardens need less water and less fertilizer than grassed lawns. They also have lower maintenance requirements, provide habitat for wildlife, and are generally attractive. Rain gardens thus provide both on-site and off-site benefits. However, the initial investment is relatively high, some plants might take two or three years to establish, and more maintenance in the first few years is expected. Rain garden costs will vary depending on the soil conditions, and the size, density, and types of plants used. According to the Low Impact Development Center (2015a), residential rain gardens average about $3 to $4 per square foot to plan and install if done by the homeowner and about $10 to $15 per square foot if done by a landscaper. Given a typical size of 200 square feet, a rain garden would thus cost $2000-3000, installed. Maintenance of a rain garden involves checking for sediment build-up once every season (Amiralaei et al. 2012) as well as weeding. Compared to the ongoing costs of lawn maintenance, rain gardens can be economically feasible because of their low maintenance costs, once established (Craig et al. 2008) .
Rain barrels are devices designed to impart higher water retention capacity to residential lots by collecting stormwater runoff from roofs, which can later be used to water a garden or lawn. They thus decrease the volume of stormwater runoff and can also reduce flooding in yards. Storing rainwater for later use on gardens and lawns also helps recharge groundwater (Jennings et al. 2012, Litofsky and Jennings 2014) . In addition, rain barrels can help reduce water pollution because stormwater runoff often picks up pollutants such as oil and animal waste, and transports them to waterways. However, rain barrels capture a fairly minimal volume of stormwater, and poor construction or maintenance can result in mosquitoes (Bakacs et al. 2013) . Rain barrels are a relatively low-cost stormwater practice but maintenance and management are required (City of Chicago 2015). Although costs vary by manufacturer, the cost of a 50-gallon rain barrel is between $90 and $120 or homeowners can make their own for as little as $20 according to Low Impact Development Center (2015b). According to the Rainfall Harvest Calculator (Gardeners 2015) , just a half inch of rain falling on an average 1,000-square-foot house rooftop will yield over 300 gallons of water, which implies that multiple rain barrels, as well as overflow provisions, would be needed. Rain gardens and rain barrels are thus relatively inexpensive and low maintenance and offer both private and environmental benefits.
Methods
A mail survey was conducted in Columbia, Missouri in spring of 2014 using the Dillman methodology (Dillman 2011) . A mail survey method was employed because it avoids problems of interviewer bias, can be done at the respondent's convenience, increases response rates, and also covers a larger percentage of people than telephone surveys or internet surveys, thus reducing bias (Hudson et al. 2004) . A random sample of 2000 residents was obtained from Survey Sampling International, a large international provider of sampling as well as data analysis, using ZIP codes primarily including the City of Columbia but also adjacent suburban and rural areas (65201, 65202, and 65203). Sampling by ZIP code can be beneficial for simplicity and potentially causes less clustering of the sample (Staab and Iannacchione 2003) .
The survey focused on detached single-family homes. The person in the household most responsible for lawn care was asked to complete the survey. The questionnaires were designed to learn whether households have adopted stormwater management practices, specifically rain gardens and rain barrels, and how the household's characteristics, social context, environmental attitudes, yard care practices, and perceptions of each practice affected the adoption decision. This study included several modified survey questions to measure environmental attitudes (Baumer 2007) , and lawn care practices (Meyer, Behe, and Heilig 2001) . The survey also used specific questions from the Social Indicators for Planning and Evaluation System (SIPES) to measure perceptions of each practice . SIPES is a system developed by a team of Midwest researchers for collecting consistent social indicator data to evaluate the effectiveness of water quality projects and to develop incentive and educational programs ).
Researchers often use pre-tests to improve the survey; this involves sending the survey to a limited number of people and examining the results. Another method, respondent debriefing, involves incorporating responses of people after they take the survey to gain a better understanding of how respondents interpret questions (DeMaio, Rothgeb, and Hess 1998) . Two groups of a dozen volunteers took the survey, and we discussed the survey instrument with them afterwards. We modified the final survey in response to feedback from that process. Dillman (2011) suggests many techniques designed to improve response rates, including customizing letters, using multiple mailings (survey packets and postcard reminders), and providing the rationale for the need for responses. A pre-notice postcard was sent in early February 2014, a few days before the survey. Then, the survey was sent out with a cover letter, a postage-paid return envelope and a magnet with a photo of Hinkson Creek and an Extension website. Ten days later, a reminder postcard was sent, followed three weeks later by the second complete survey package, asking households to participate. Before calculating the response rate, people who had moved or were deceased (200), and people for whom the survey was not applicable (such as having no lawn (27)) were subtracted. Of the 1773 questionnaires mailed to valid addresses, 783 were completed and returned, for an effective response rate of 44.1 percent. This is higher than the response rate in recent adoption studies about stormwater management practices, (e.g., 25.3 percent for Brehm et al. 2013 and 17 .2 percent for Newburn et al. 2014) , which would tend to reduce nonresponse bias.
All variables were constructed from the answers provided by the survey respondents. The dependent variables, use of rain gardens and rain barrels, were multinomial variables (1 ¼ Never heard of it, 2 ¼ Somewhat familiar with it but not using it, 3 ¼ Know how to use it but not using it, and 4 ¼ Currently use it). For demographic variables, annual household income was divided into five categories; less than $24,999, $25,000-$49,999, $50,000-$74,999 (base category), $75,000-$99,999 and more than $100,000. Age group variables included four categories: 18-31 years, 31-45 years, 46-60 years (base category), and over 60 years. A dummy variable for male (vs. female) gender was used. The variable of homeownership was not included in the model because no respondents who were renting indicated adoption of rain gardens. Location variables included living in the city of Columbia (base category), suburban areas, and rural areas.
For household behavior variables, four gardening time categories (average hours a month during the growing season (March to November)) were combined to reflect two subcategories, 0-10 hours (base category), and greater than 10 hours. Frequency of watering the lawn included four categories: as needed to keep it green, infrequently in summer, only in severe drought, and never water. The last two were combined into a low watering variable, and the first two were combined for the base. The lawn care service variable was coded as 0 ¼ No use of any services, or 1 ¼ Use of lawn care service such as mowing, fertilizing, and using pesticides.
Knowledge of the watershed concept, which was measured by asking about the term watershed, includes three categories: Know what it means, I have heard of it but I'm not sure what it means, and Never heard of it. The last two responses were combined into the base category. Households' environmental attitudes are proxied by the degree of trust in environmental groups as information providers; responses included: Not at all, Slightly, Moderately, and Very much. The first three options were combined into the base category in the regression. A variable of attitude about neighbors was measured by their level of agreement with the statement "It is important to me that my neighbors think I have a nice lawn," using a Likert scale (1 ¼ Strongly disagree to 5 ¼ Strongly agree). Responses 1, 2, or 3 were combined into a base category and responses of 4 or 5 form the agree dummy variable. Variables regarding perceptions of climate change were obtained by asking respondents to rate their concerns about more frequent intense rains as well as longer dry periods and drought using a Likert scale. The responses were treated the same as for the previous variable.
Variables for perceptions of each practice's characteristics or barriers to adoption were obtained by asking respondents to rate the degree to which various factors limited their ability to implement rain gardens and rain barrels, using a Likert scale (1 ¼ Not at all, 4 ¼ A lot) suggested by Genskow and Prokopy (2009) . These variables relate to: effort to install and maintain the practice (cost, time, and physical/ health issues), concern about appearance of the practice, compatibility with features of their property, lack of equipment, uncertainty about water quality benefits, inability to see a demonstration, water problems in their basement, and knowledge about installing it. For each variable, responses of 3 and 4 are combined into an agree category and responses of 1 and 2 are combined into the base category.
Given the low frequency of adoption of rain gardens (3.1 percent) and rain barrels (7.5 percent), there are many 0 observations for households who did not adopt the practices if we simply use a binary model for adopters versus nonadopters. Nevertheless, our unique dataset allows us to distinguish between three types of nonadopters, based on their awareness of the two specific practices: Never heard of it, Somewhat familiar with it but not using it, and Know how to use it but not using it. Therefore, the multinomial logit (MNL) model is employed to analyze the survey data, comparing the three distinct types of nonadopters to the base category, adopters of rain gardens and rain barrels.
The MNL model is widely used in adoption decision studies because it can explain the differences between adopters and nonadopters by simultaneously estimating binary logits for all comparisons among the outcome categories (Long 1997) . In this case, each household chooses one of the mutually exclusive alternatives characterized by the dependent categorical variable. Hence, we specify the MNL as follows (Greene 2003) :
. . . ; n and j ¼ 1; 2; 3; 4 and where x i is a set of explanatory variables. Our base category is "currently using it;" therefore, in our model a positive parameter means that the relative probability of being in one of the nonadopter categories increases relative to the probability of choosing to adopt specific practices. (This is opposite from the interpretation of typical models where the reference category is nonadoption.)
Adoption decisions for rain gardens are likely not made independently of rain barrels and observations in the same group or clusters that have similar characteristics are more likely correlated with each other (Agresti 2003) 1 . Thus, the single equation multinomial logit method may not be efficient because it ignores the correlation between the error terms of the underlying stochastic utility function (Greene 2003) . For this reason, we employed the cluster option, which takes into account the intra-cluster correlation by calculating the robust standard error because we cannot treat observed outcomes as independently and identically distributed within a cluster for statistical analysis (Agresti 2003) . The robust standard errors are calculated based on the Huber-White method, also known as the sandwich method, to correct within-cluster dependence by providing consistent estimates of the covariance matrix for parameter estimates even when the errors exhibit heteroskedasticity (Agresti 2003) . We use a cluster robust estimation technique to correct the standard errors using STATA 13 (2013).
Summary Statistics
To examine the representativeness of our sample, the demographics of our data were compared with data from the US Census and American Community Survey for the City of Columbia (U.S. Census Bureau 2010 Bureau -2014 . In particular, we compared education level, income, and age of homeowners (see Table 1 ). Educational attainment is quite high in Columbia (54.5 percent with bachelor's degree or higher in the census, vs. 68.8 percent of survey respondents) because the University of Missouri's main campus is located there. Low-income households were underrepresented among respondents; there were fewer in the category with household income less than $50,000 (55 percent in the census, vs. 26 percent of survey respondents) and more in other categories. The percent of residents who were more than 45 years old is 63.4 percent vs. 66.8 percent in our survey. Because the Census data include households living in condos and apartments, as well as those in single-family homes, Census statistics would be expected to contain lower education levels, lower income levels, and younger ages than our respondents, because those who live in houses tend to be older and more educated and have higher incomes (Gyourko and Linneman 1997, Groves 2016 ). This comparison shows that our sample of respondents is reasonably representative of households with yards in the City of Columbia.
Summary statistics for the 783 observation dataset can be found in Table 2 . These statistics are also presented separately for adopters and nonadopters. Only 3.12 percent and 7.47 percent of respondents are currently using rain gardens and rain barrels, respectively, similar to results found in the Chesapeake Bay, at 2.3 percent and 7.6 percent (Newburn et al. 2014) . Comparing the different categories of nonadopters, it is obvious that the awareness of rain gardens is much lower than that of rain barrels.
Some of the variables are analyzed further. Note that the percentages for categories in a column sum to 100, e.g., of those who had never heard of rain gardens, 36 percent were over 60 years old, while among those who had never heard of rain barrels, only 15 percent were over 60. The percentages of those who had never heard of rain gardens in each age category were similar to their representation in respondents, but for rain barrels, younger people a) Total number of observations is 768. b) For all the independent variables, the range is 0-1. c) The variable "Doubt the benefits" is not included in our subsequent regression model because no adopters indicated they doubted the benefits.
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were more likely to have never heard of the practice. Interestingly, a higher proportion of adopters of rain gardens (79 percent) are in urban areas compared to adopters of rain barrels (51 percent), but a much lower proportion of rain garden adopters (4 percent) are in rural areas than adopters of rain barrels (32 percent). Almost half of respondents (45 percent) spend more than 10 hours on gardening or lawn care in a month during the growing season between March and November. Interestingly, over a third of these respondents were not aware of rain gardens and over one quarter had not heard of rain barrels, but in general those with more knowledge spent more time gardening. Respondents who are concerned about intense rain and severe drought are 36 percent and 76 percent, respectively, which may relate to the drought in 2012.
Major limitations of adoption of rain gardens include cost, time required, and knowledge of installing the practice (46.7 percent, 46.5 percent, and 46.2 percent, respectively). Interestingly, the perceived cost and time required were less of a barrier for those who had never heard of the practice, than for nonadopters that were familiar with it. This was also the case for compatibility with other features. In all cases except a water problem in the basement, nonadopters viewed these factors as more of a barrier to rain gardens than adopters.
On the other hand, for key limitations of adoption of rain barrels, lack of equipment and cost are most important for survey respondents (45.2 percent and 42.9 percent, respectively). For rain barrels, nonadopters viewed all factors as more of a barrier than adopters, except in the case of a water problem in the basement, similar to the case for rain gardens. Note that none of the adopters doubted the water quality benefits of rain barrels.
From Table 2 , we see evidence that in general, nonadopters are different from adopters in demographic characteristics, yard management behavior, environmental knowledge and attitudes, and their perceptions of barriers regarding specific practices. Moreover, those who have never heard of specific practices are quite different from those who know the practices well but do not use them, with regard to several variables. In particular, for rain gardens, there is a gap between the aforementioned populations in the variables of hours spent on gardening (36 percent vs 60 percent), knowledge of watershed (40 percent vs 89 percent), perceptions of limitations of rain garden such as cost (36 percent vs 54 percent), time (38 percent vs 46 percent), compatibility with other features (23 percent vs 58 percent), demonstration (45 percent vs 16 percent), and knowledge of installing (50 percent vs 32 percent). For rain barrels, we observe this with hours spent on gardening (25 percent vs 53 percent), watering as needed (36 percent vs 16 percent), knowledge of watershed (20 percent vs 76 percent), perceptions of limitations of rain barrels such as cost (29 percent vs 46 percent), and knowledge of installing (37 percent vs 17 percent). In other words, there may be important differences between the various categories of nonadopters which should be considered when developing educational programs. While the summary statistics provide some information on perceived barriers, and differences between adopters and different types of nonadopters, regression analyses are used to rigorously examine our research questions.
Regression Results
Tables 3 and 4 present the estimated coefficients and significance levels from the MNLs for rain gardens and rain barrels, respectively. We use the multinomial model with adopters as the base and the other response categories of nonadopters who: never heard of it, know somewhat, or know well about, each practice as the dependent variables. Care should be taken in interpreting the coefficients because they indicate whether or not the respondents who provide answers (e.g., male versus the base of female) are more or less likely to be in a particular nonadopter category compared to being an adopter. In other words, a negative coefficient means that particular variable is positively associated with adoption.
In reviewing the correlation matrix for multicollinearity, there is little evidence of a problem because none of the correlations was higher than 0.5 among variables except time required and cost required (0.62) for rain gardens. Also, multicollinearity for the independent variables was checked using the variance inflation factor (VIF). The VIF for all variables in the models was less than 2.21, which was below the cutoff minimum of 10 suggested by Hair et al. (2006) . Hence, no evidence of multicollinearity in the regressions is found.
To aid in the comparison of model performance due to including the perceptions of each practice, pseudo-R 2 values can be calculated for the goodness-of-fit of the model. An increasing pseudo-R 2 may indicate a better fit, but no simple interpretation similar to the R 2 of the linear regression model is possible (Long and Freese 2006) . Nevertheless, the pseudo-R 2 values would be valid and useful for comparing models because all models predict the same outcome on the same data (Long and Freese 2006) . For both practices, the McFadden pseudo-R 2 values in the full model (0.222 for rain gardens, 0.265 for rain barrels) are much higher than in the reduced model (0.120 for rain gardens, 0.130 for rain barrels). As expected, because the data contain a high proportion of 0 observations for the dependent variable, the goodness-of-fit values are not expected to be very high (Keelan et al. 2009 ). Also, the Akaike information criterion (AIC) and Bayesian information criterion (BIC) are used to measure the relative quality of statistical models given a data set, and because the AIC and BIC values in the full models are lower than in the reduced models (see tables 3 and 4), the full model has more explanatory power in both cases. The likelihood ratio test for all four models has a small p-value (p < 0.01). The full models correctly classified 98 percent of rain garden adopters and 92 percent of rain barrel adopters.
Rain garden results
Estimation results for rain gardens are reported in Table 3 . The rain garden results for income are particularly interesting. In the reduced model, only one income coefficient is significant; respondents who are in the $75,000-$99,999 income category rather than the base category of $50,000-74,999 are more likely to have never heard of the practice than to be adopters of rain gardens, holding other variables constant. In the full model that included perception variables, other significant income results are observed. If respondents earn $75,000-$99,999 rather than the base category, they are significantly (p < 0.01) more likely to be in one of the nonadopter categories rather than being adopters, and the magnitude of the effect is quite large. This is also true for those earning more than $100,000, although both the significance and magnitudes are less. Taken together, these findings are inconsistent with previous work concluding that financial resources are importantly and positively correlated to adoption 2 Freitas 2011, Brehm, Pasko, and Eisenhauer 2013) . On the other hand, the opportunity cost of adoption may be higher for these high-income categories. There is no significant effect of gender and only one significant variable for age; in the reduced model, respondents over 61 were less likely than those aged 46-60 to be well-informed nonadopters than to be adopters. In the reduced model, suburbanites are more likely to have never heard of rain gardens than those in urban areas.
Yard management variables such as time spent on gardening and watering habits are significant predictors of adoption in both models. For example, those who spent more than 10 hours per month on gardening were significantly less likely to either have never heard of rain gardens or know the practice only somewhat, than to be adopters of rain gardens. This is in line with previous studies, many of which find a positive correlation between homeowners who are interested in gardening and the probability of adoption of stormwater or lawn management practices (Newburn et al. 2014 , Martini et al. 2015 . However, time spent gardening is not significantly different between people who know the practice well and those who adopt this practice. That is, serious gardeners are aware of rain gardens but may not adopt.
Watering habits are closely related to rain garden adoption. In the full model, those who water their lawn frequently versus infrequently are less likely to be nonadopters of rain gardens (p < 0.05). Put another way, there is evidence that adopters tend to want a green lawn.
Our results support the findings that those who are well informed about watersheds are more likely to adopt stormwater management (Brehm, Pasko, and Eisenhauer 2013, Martini and Nelson 2014) and those with Notes: Superscripts *, ** and *** indicate statistical significance at the 10 percent, 5 percent and 1 percent levels, respectively. pro-environmental attitudes are more likely to adopt rain gardens Filchak 2004, Jorgensen and Syme 2000) . Watershed knowledge and trusting environmental groups "very much" for information are negatively correlated with having never heard about rain gardens rather than being an adopter. There were no significant differences for other nonadopter categories. Regarding valuing neighbors' opinions on lawn care choices, contrary to Shaw et al. (2011) , the effects were not significant in our research. Also, concern about intense rain and severe drought were not significant factors for nonadoption of rain gardens, in line with a study by Ando and Freitas (2011) . Several specific potential barriers to adoption of rain gardens were significant. For instance, those with physical limitations are more likely to be knowledgeable nonadopters rather than adopters (p < 0.1). The variable "concerns about water problems in their basement" (p < 0.01) is negatively associated with nonadoption (or positively associated with adoption), and the coefficients are the largest for all three nonadopter models. Households adopting rain gardens might be doing so to solve water problems. This information might be used in educational materials as an important on-site benefit of the practice. The barriers of not being able to see a demonstration and need for knowledge about how to install the practice are only significant for never having heard of the practice versus adopting. These results suggest that informational campaigns on installing stormwater management practices would be most helpful if the campaigns could reach people who typically do not read about gardening. The visual characteristics of rain gardens do not seem to pose a significant barrier because appearance is not significant. These results, along with the lack of influence of neighbors' opinions, imply that social context might not be an important determinant of adoption of this practice. Table 4 provides the rain barrel results. Note that because no adopters doubted the water quality benefits of the practice, we were not able to include this important variable in our regression. Unlike rain gardens, households who are in the $25,000-$49,999 income category rather than the base category of $50,000-$74,999 are significantly more likely to have never heard of the practice than to be adopters of rain barrels, holding other variables constant, for both the reduced and full models. No other income categories are significant, so in this case the opportunity cost of time does not seem to be a barrier. In both models, respondents 31-45 years old (versus the base of 46-60 years old) are significantly less likely to have never heard of rain barrels or know them only somewhat, than to be adopters. In other words, this age group is more likely to adopt. Also, if respondents are older than the base category, then they are less likely to be nonadopters who have never heard of rain barrels. Together these results (robust across models) indicate that awareness and adoption of rain barrels are not monotonically related to age. Male respondents are more likely to have never heard of rain barrels in the full model. Although those who live in rural areas are more likely to be rain barrel adopters in the reduced model, in the full model, the location factor is statistically significant only for those who know the practice well, and the significance is also lower. This implies that the practice-specific variables capture some factors relating to rurality. Note that in general, demographic factors do not distinguish adopters from nonadopters who know the practice well.
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Rain barrels
Similar to rain gardens, the yard management variables, such as time spent on gardening, are significant predictors of adoption. Those who spent more than 10 hours per month on gardening are more likely to adopt rain barrels in both reduced and full models, rather than being in one of the nonadopter categories. Those who water their lawn frequently (versus infrequently) are more likely to have never heard of rain barrels than to be adopters. While rain barrels are not particularly helpful for irrigating lawns because water pressure is too low to use with a sprinkler, irrigation does use a lot of water. Therefore, people who water their lawn frequently might be interested in using the water from rain barrels for their other plants, which implies that educational programs might be effective for this group. Those who use a lawn care service tend to be less knowledgeable about the practice; the "know somewhat" category is significant (p < 0.1) in both models.
As expected, watershed knowledge is positively related to awareness of rain barrels. Those with more knowledge are less likely to have never heard of rain barrels or have a low knowledge level compared to being adopters in both reduced and full models, and this variable is also the most important one in the "never heard of it" models. Unlike the rain garden case, those with proenvironmental attitudes are more likely to adopt rain barrels, even among those who are knowledgeable about rain barrels. In the reduced model, if respondents trust environmental groups "very much" for information, they are significantly less likely to be in one of the nonadopter categories who have heard of rain barrels than to be adopters. In the full model, this is true for all nonadopter categories. In the reduced model, there is no effect of climate change concern variables. In the full model, those who are concerned about intense rain are more likely to be nonadopters who never heard of rain barrels or who know them well, than to be adopters. Those who are concerned about severe drought are less likely to be nonadopters who have heard of rain barrels, or alternatively, they are more likely to be adopters. These results imply that educational programs about rain barrels should stress them as a source of water during drought or periods without rain, which are quite common in Missouri even in normal years.
Specific barriers are examined in the full model. We found that respondents who view rain barrel costs as a barrier are less likely to be in the nonadopter category "never heard of it" than to be adopters. Unlike the cost barrier, time, and especially lack of equipment were considered to be significant and important barriers for all nonadopter categories. This practice requires specific equipment, and adopters obviously must have the equipment; therefore the strongly significant result, which also has fairly large magnitudes, makes sense. This result, combined with a lack of significance for the cost barrier among those at least somewhat familiar with the practice, implies that using subsidies alone may not be effective. Further research could examine whether people know where to purchase rain barrels and are able to transport them. In addition, perceptions of compatibility with other features are significant for nonadopters who know about rain barrels. Future research, perhaps beginning with focus groups, could identify what specific compatibility issues are most important that might be used to modify the design of rain barrels. The results show there are not issues related to appearance. Interestingly, respondents who indicate a physical or health issue limits their ability to use rain barrels are less likely to be nonadopters who know the practice well than to be adopters. This implies that physical limitations are not a major barrier for this practice. The variable of not being able to see a demonstration is significantly associated with only nonadopters who know rain barrels somewhat compared to adopters, and the coefficient for this variable is also quite large. Being able to see a demonstration of the practice beforehand might make these households more likely to adopt. As expected, respondents who perceived lack of knowledge of how to install rain barrels as an adoption barrier, are more likely to be nonadopters who have never heard of rain barrels or know them somewhat, compared to adopters. It is reassuring that lack of knowledge is not a barrier for those who indicate they know how to use the practice, i.e., their responses on two sections of the survey support each other.
Summary and Conclusions
The aim of this study was to identify the determinants of stormwater management practice adoption by homeowners, to identify important barriers and thus enable targeted educational programs that increase adoption of BMPs, and to provide insights for practice or policy design. Specifically, the likelihood of being one of three types of nonadopter of rain gardens and rain barrels, compared to being an adopter, was investigated using a clustered MNL. By analyzing survey data from an urbanizing watershed in Missouri, this study found several implications for efforts to increase homeowners' adoption of practices.
Estimation results for rain gardens and rain barrels show that the most consistent factors affecting the likelihood of adoption for both practices were related to gardening activities and environmental attitudes, in line with previous studies (e.g., Purchase 1997 , Newburn et al. 2014 , Martini et al. 2015 . The results also confirmed that the factor of a particular practice being time consuming is important. However, demographic factors seem to vary according to the specific BMPs employed. An interesting finding is that respondents who are concerned about water problems in their basement are more likely to adopt rain gardens. People thus may view rain gardens as a potential solution to a water problem in their yards, which is information that may be useful to educators and landscaping professionals. Our unique dataset enables us to distinguish between different types of nonadopters. Combined with the data on practice-specific barriers, we find that nonadopters with extensive knowledge about a specific practice are quite different from other nonadopter categories. Finally, including the variables relating to perceptions of an innovation's barriers can improve model performance in terms of pseudo-R 2 and AIC/BIC, and more importantly, can provide useful information for practice, policy, and program design.
Based on our results, we suggest several steps to make educational programs on stormwater management more effective. First, the relative emphasis should be tailored to the audience because different people may be more motivated by onsite or off-site benefits. The research identifies both serious gardeners and concerned environmentalists as possible adopters, but also indicates that for nonadopters who know the practice well, more information is unlikely to be effective. Nevertheless, groups such as Master Gardeners, garden clubs, and local environmental organizations are easy to identify and likely to be receptive to educational programs about stormwater management practices and their onsite and off-site benefits. Rather than relying on informational materials or meetings alone, in-depth education programs, such as workshops and demonstrations on how to install rain barrels and rain gardens, may overcome inertia.
However, those who have never heard of these practices are less likely to be involved with gardening or environmental organizations and less likely to be motivated by off-site benefits. Reaching this group may be difficult, so providing informational brochures with utility bills or getting local television stations to highlight the practices may be useful. Outreach to landscaping companies and gardening stores may also be effective. The on-site benefits to the homeowner should be emphasized. Developing rain garden and rain barrel demonstrations in highly visible places, such as a public library, park, town hall, or school, should be considered because our results suggest that those who have never heard of these practices are unlikely to proactively seek out demonstration sites.
Another policy implication from this study is the importance of practicespecific barriers and benefits. An important on-site benefit of rain gardens seems to be reduction of water problems in the home. Given the potential onsite and off-site benefits of rain gardens and swales, and the low adoption rate, local policy makers may want to require them in new housing developments because it would be less costly than for individual homeowners to install them after the homes are built. For rain barrels, compatibility with other features, time, and lack of equipment were viewed as major barriers. This implies that financial incentives alone might not be effective. Delivery and set-up of rain barrels, in addition to subsidizing the Although this study provides some valuable insights into predictors of stormwater management practice adoption among homeowners, complementary research is needed. It would be helpful to analyze the actual response to economic incentive programs for stormwater management practices versus some interventions suggested by behavioral economics, with an aim to improve program design. For example, testing the effect of delivery and set-up of rain barrels (thus overcoming inertia, lack of knowledge, and transportation issues) could be examined. In addition, further research is needed to determine what aspects of "compatibility with other features" limit adoption of rain barrels, because modifying their design could potentially address these issues. Other practices, such as swales, depressions which are managed like normal lawns, should be evaluated, especially for people who are not interested in gardening and/or use lawn-care professionals.
